Background: Two field experiments were carried out at the Research and Production Station of the National Research Centre, Nubaria region, Behira Governorate, Egypt, during two winter seasons of 2014/2015 and 2015/2016. The aim of this study was to investigate the response of vegetative growth, yield, yield components, and some metabolic constituents of four faba bean (Vicia faba L.) cultivars "Nubaria 2, Sakha 1, Sakha 3, and Sakha 4" to foliar application of fulvic acid (FA) at 0.0, 3, 6, and 9 gL
Introduction
Faba bean (Vicia faba L.) family (Fabaceae) is one of the most important legume crops, providing between 28 and 30% of the dietary protein for humans, 51-68% total carbohydrates, and considered as a good source of natural antioxidants (Chaieb et al. 2011 ). Faba bean is one of the major crops that consumed worldwide for feeding farm animals (Cazzato et al. 2012) and their seeds are high in lysine and arginine, which may complement the low levels in cereals. Faba bean increases humus of soil and use in crop rotation (Kumar et al. 2015) .
The use of bioeffectors formally known as plant biostimulants or agricultural biostimulants, has become common a practice in agriculture and provides a number of benefits in stimulating growth and protecting against stresses. A biostimulant is loosely defined as an organic material and/or microorganism that is applied to enhance nutrient uptake, reduce fertilizers' consumption, stimulate growth, and enhance stress tolerance or crop quality (Van Oosten et al. 2017) . Humic substances (HSs) are the major natural component of soil organic matter formed in soil from the decomposition of dead cell materials by microorganisms (Nardi et al. 2007 ). Humic substances include humic acids, fulvic acids, and humins (Berbara and García 2014) . HSs have indirect effects (increase in fertilizer efficiency or reducing soil compaction) or direct (improvement in the overall plant biomass) effects on plant growth. The use of humic substances can increase the root growth and uptake of some nutrients such as N, Fe, P, K, Ca, Zn, and Mg and enhance tolerance to abiotic stress such as salinity. The variability in effects of HSs is due to the source of the HSs, the environmental conditions, the receiving plant, and the dose and manner of HS application (Rose et al. 2014) .
Fulvic acids (FAs) are humic acids with a higher oxygen content and lower molecular weight ranging only to a few hundred Daltons and can pass through micropores of biological or artificial membrane systems, while humic acids cannot, with larger molecule weights ranging to a few thousand Daltons (Bulgari et al. 2015) . Fulvic acids have greater total acidity, greater numbers of carboxyl groups, and higher adsorption and cation exchange capacities than humic acid and may play roles as natural chelators in the mobilization and transport of micronutrients (Bocanegra et al. 2006) . Fulvic acids can remain in soil solution even at high salt concentrations and at a wide range of pH (Zimmerli et al. 2008 ) and have long-lasting potential to interact with plant roots. Fulvic acid is considered to be the soil organic fraction that is soluble in both acid and alkali. Fulvic acid promotes some physiological processes depending on plant species, developmental stage, and application conditions, e.g., soil applications of a "humic substance" that was shown with analysis to be 90.7% fulvic acid, increased fruit weight, fruit equatorial diameter, juice pH, and vitamin C content of lemon (Citrus limon) trees, while foliar applications of FA increased yield of maize under drought conditions (Anjum et al. 2011) . Further studies with pepper, showed that FA applied as drenches, enhanced multiple parameters of fruit quality and antioxidant activity (Aminifard et al. 2012) .
The potent impact of humic substances on various areas of plant structure and function has prompted many investigators to apply them to several crop plants aiming to control growth patterns and development. In common bean, FA enhanced the numbers of root initials on hypocotyl sections, increased root elongation of maize (Eyheraguibel et al. 2008) , number and length of lateral roots of both Arabidopsis and tomato (Dobbss et al. 2007) , dry weight of shoot of maize (Anjum et al. 2011) , and number of flowers per cucumber plant (Rauthan and Schnitzer 1981) . Fulvic acids enhanced the uptake of 32 P phosphate in beech and N content in maize plants (Eyheraguibel et al. 2008) , increased chlorophyll content in both soybean and ryegrass (Chen et al. 2004) , photosynthesis rate in maize (Anjum et al. 2011) , intercellular levels of ATP, glucose-6-phosphate, and growth promotion in cell cultures of Greek fir (Zancani et al. 2011) . Moreover, humic substances enhanced the expression of the phenylalanine (tyrosine) ammonia-lyase (PAL/TAL) that catalysis the first main step in the biosynthesis of phenolics and provides an approach to plant responses to stress (Schiavon et al. 2010) . Humates significantly enhanced the activity of PAL in tomato leaves (Olivares et al. 2015) .
Thus, fulvic acid is expected to influence the growth and yield of faba bean cultivars. Therefore, the present investigation was undertaken to study the impact of spraying different concentrations of FA on four faba bean cultivars (Noubaria 2, Sakha 1, Sakha 3, and Sakha 4) on some morphological criteria, yield, and some metabolic constituents of their seeds in a bid to find suitable concentration and cultivar that could enhance yield.
Materials and methods
Two field experiments were carried out at the Research and Production Station of the National Research Centre, Nubaria region, Behira Governorate, Egypt, during two successive seasons of winter 2014/2015 and 2015/2016 . Seeds of four faba bean cultivars (Vicia faba L.; cv. Noubaria 2, Sakha 1, Sakha 3, and Sakha 4) were sown on 15th November in both seasons in sandy soil. The physical and chemical proprieties of the soil are presented in Table 1 according to Chapman and Pratt (1978) . The experimental design was a split plot with four replications. The cultivars occupied the main plots, and the fulvic acid treatments were allocated at random in subplots. The plot area was 10.5 m 2 (3.0 m × 3.5 m) and consisted of five ridges 70 cm apart; seeds were planted at the rate of 70 kg/feddan using the dry planting on the two sides of the ridge in hills the distance between hills was 25 cm. Calcium superphosphate (15.5% P 2 O 5 ) was added presowing at 200 kg/fed. to the soil; similarly, nitrogen in the form of ammonium nitrate (33.0% N) was applied at the rate of 100 kgN/fed. as start dose before the first irrigation. Potassium sulphate (48% K 2 O) was added at the rate of 30 kg/fed. to the soil during seed bed preparation.
Faba bean plants were irrigated and maintained during the whole growth season up to 100% of potential crop evapotranspiration (in 15 successive irrigations) using sprinkler irrigation system. The good agricultural practices, pest control, for growing faba bean in sandy soil were applied as recommended. In both seasons, a foliar spray was applied twice to faba bean plants during ), to four bean cultivars in addition control plants which were sprayed with tap water.
Plant growth characters measured at 75, 90, and 105 (green yield) DAS, by random samples of ten plants were taken from each treatment, to determine plant height (PH), branch number (BN), leaf number (LN), total dry weight/plant (TDW), fourth leaf area (LA) (cm 2 /plant) by leaf disc method on dry weight basis according to Vivekanadan et al. (1972) , leaf area index (LAI) according to Sestak et al. (1971) , specific leaf weight (SLW) (mg/cm 2 ) according to Radford (1967) , and crop growth rate (CGR) (mg/cm 2 /days) according to Abdel-Gawad et al. (1980) . The photosynthetic pigment [(Chl) a, b, and carotenoids as well as total photosynthetic pigments (TPP)] content of fresh leaves was also determined at 75, 90, and 105 DAS according to (Lichtenthaler and Wellburn 1983) .
At the time of harvest (115 DAS), the mean values of yield and its related parameters [i.e., plant height (PH), branch number (BN), number of pods/plant (PN/P), weight of pods/plant (PW/P), seed index (SI), seed and straw yields/plant (SY/P; StY/P), and seed and straw yields/fed (SY/F; StY/F)] were determined.
Seeds were harvested from each treatment and dried in an electric oven with a drift fan at 70°C for 48 h until constant dry weight was achieved. Dry samples of seeds were used to total carbohydrate percent in seeds (CP) according to (Dubois et al. 1956 ). The method of Plummer (1978) was used to estimate total free amino acids (FAA). The dried powder samples were wet digested as described in the method of Chapman and Pratt (1978) . The acid digest of the plant matter was analyzed for determination of nitrogen, phosphorus, and potassium according to the following methods: Total nitrogen was determined using the modified Micro-Kjeldahl method. Crude protein percentage (CPP) was calculated by multiplying the values of total N by 6.25 (A.O.A.C. 1988). Phosphorus was determined by atomic absorption spectrophotometer according to Carpena et al. (1990) . Potassium was measured using flame photometer (atomic spectra AAS vario 6) according to Brown and Lilliland (1946) . Mineral contents were expressed in milligram 100 g −1 DW seed tissue.
Data for both growing seasons were measured according to Snedecor and Cochran (1990) . Data were combined because the coefficient of variation (CV%) for each season's data was < 5%. Data were analyzed by analysis of variance (ANOVA) for the split-plot design, and treatment means were compared using Fisher's least significant difference (LSD) at α = 0.05, using means of "MSTAT-C" computer software package.
Results

Growth parameters
Data presented in Tables 1 and 2 show that foliar application of FA either separately at 3, 6, and 9 gL −1 and four faba bean cultivars "Noubaria 2, Sakha 1, Sakha 3, and Sakha 4" or their interaction, promoted almost all growth criteria compared to the corresponding untreated control plants, at the three stages of growth (75, 90, and 105 DAS) . In most cases, the increments in growth parameters were often highly significant in comparison with untreated control plants. The most effective treatments on growth parameters were the interaction of FA at 9 gL −1 with Sakha 4 cultivar followed by FA at 9 gL −1 with Sakha 3 cultivar at the three stages of growth.
When considered as a single factor, foliar application of FA up to 9 gL −1 increased PH, BN, LN, TDW, 4-LA, LAI, SLW, and CGR compared to the untreated control plants.
Furthermore, the differences between cultivars were significant with respect to the above mentioned characters at the three physiological stages, except number of branches at 105 DAS, LAI at 75, and 105 DAS. Results cleared that "Sakha 4" cultivar was superior in the most growth characters followed by "Sakha 3" cultivar (Tables 1  and 2) .
Regarding the interaction effect of FA and cultivars on vegetative growth, similar significant increases were obtained in the same growth parameters using different concentrations of FA and cultivars compared to control plants. The treatment FA at 9 gL −1 with Sakha 4 cultivar enhanced the most growth parameters at the three stages of growth (Tables 1 and 2 ). Table 3 show that application of FA significantly increased faba bean yield and its components (i.e., PN/P, PW/P, SY/P, StY/P, SY/F, StY/F, and SI) more than untreated control plants at 115 DAS. The more promising results are obtained from 9 gL
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FA that were for seed yield (2.21 ton/fed) and straw yield (4.01 ton/fed).
Four faba bean cultivars, the increment in yield characters (i.e., PN/P, PW/P, SY/P, StY/P, SY/F, StY/F, and SI), were maximum with "Sakha 4" cultivar compared to other cultivars (Table 3) . Furthermore, faba bean yield was far more sensitive to the interaction between FA and cultivars. The greatest increase in SY/F (i.e., increased 27.00 and 23.89% more than their controls, respectively) and StY/F (i.e., increased 38.97 and 33.23%) was obtained by foliar application with 9 gL −1 FA and Sakha 4 cultivar, followed by 9 gL −1 FA and Sakha 3 cultivar for all measured parameters (Table 3) . In all cases, the increments in faba bean yield were often significant in comparison with untreated controls (Table 3) .
Photosynthetic pigments
Data presented in Table 4 show that Chl a and b, carotenoids, and TPP in the leaves of four faba bean cultivars reached a maximum value at 90 DAS. Generally, foliar application of FA at any concentration significantly increased the Chl a and b, carotenoids, and consequently the TPP more than controls at 75, 90, and 105 DAS.
The most effective concentration was 9 gL −1 of FA, Sakha 4 cultivar, and their interaction at the three stages of growth (Table 4) .
Foliar spray of faba bean plants at all three FA concentrations (3, 6, and 9 gL −1 ) tested significantly increased TPP more than untreated control plants (Table 4) . The highest recorded value of Chl a and b, carotenoids, and TPP in the leaves of faba bean was obtained with 9 gL −1 at the three stages of growth, also Sakha 4 cultivar recorded the highest values of these parameters.
Moreover, the interaction between FA and cultivars increased Chl a and b, carotenoids, and TPP in the leaves more than control plants and there were significant effects between treatments at all three stages of growth except Chl a at 90 DAS and carotenoids at 105 DAS. Data also show the most effective treatment was FA at 9 gL −1 when used with Sakha 4 cultivar ( Table 4) .
Chemical constituents
Data presented in Table 5 show that, foliar application of FA at any concentration and their combination significantly 13.52 g/Kg DW, 4.58%, 0.39%, and 0.62% for controls (Table 5) .
Discussion
The present study indicates that the application of FA up to 9 gL −1 and four faba bean (Noubaria 2, Sakha 1, Sakha 3, and Sakha 4) cultivars, individually or in combination, greatly promoted the vegetative growth and dry matter production at the three stages of growth by increasing the development of shoots and roots, increasing leaf area and Chl. accumulation. Promotion of root growth enhance capacity to uptake and utilize nutrients from the soil determining higher dry matter accumulation. In this connection, fulvic acid enhanced the numbers of root initials on hypocotyl sections of common bean, increased root elongation of maize (Eyheraguibel et al. 2008), number and length of lateral roots of Arabidopis, and micro-Tom tomato (Dobbss et al. 2007 ). FAs play roles as natural chelators in the mobilization, and transport of Fe and other micronutrients (Bocanegra et al. 2006 ) increased chlorophyll content in soybean and ryegrass (Chen et al. 2004) , photosynthesis rate in maize (Anjum et al. 2011) , interacted with the signaling pathway for plant hormones, and increased intercellular levels of ATP and glucose-6-phosphate that were related to growth promotion in cell cultures of Greek fir (Zancani et al. 2011) . However, the application of FA has only been reported in a few cases: maize (Eyheraguibel et al. 2008 ) and wheat (Anjum et al. 2011) . Intuitively, the combination of FA and cultivars more effectively increased growth and dry matter production of faba bean than single treatments. Faba bean yield and its components (i.e., PN/P, PW/P, SY/P, StY/P, SY/F, StY/F, and SI) and quality of seeds was significantly enhanced by FA, especially at 9 gL −1
. FA via enhanced photosynthetic activity, increased vegetative growth, dry matter accumulation, and consequently increased translocation and accumulation of certain metabolites in plant organs, which affected their yield and yield components (Table 3) . In this respect, soil applications of FA enhanced flower number of cucumber plant (Rauthan and Schnitzer 1981) , fruit weight, and quality of lemon trees (Citrus limon) (Sánchez-Sánchez et al. 2002) and pepper (Aminifard et al. 2012 ) and increased yield of maize (Anjum et al. 2011 ). The interaction between FA and cultivars was more effective in improving yield and quality of pods; FA at 9 gL −1 with Sakha 4 cultivar increased yield and quality of pods more effectively than other cultivars (Table 3) .
Photosynthetic pigments in faba bean leaves were significantly enhanced by the application of all FA and/or their interaction at 75, 90, and 105 DAS (Table 4) . Fulvic acid might increase the uptake of N and Mg (structural component of Chl), retarded senescence, and enhanced Chl accumulation, which would lead to a greater rate of photosynthesis. In accordance, humic acid and phosphorous elevated N, Fe, and Mg ion contents in bell pepper (Capsicum annuum L. cv. Demre) shoots under mild salinity stress (Çimrin et al. 2010) . The promotive effects of FAs on chlorophyll content and net photosynthesis rates were observed in soybean and ryegrass (Chen et al. 2004 ) and in maize (Anjum et al. 2011) . However, Sakha 4 cultivar recorded the maximum value of Chl a and b, carotenoids, and TPP in the leaves compared with other cultivars. Therefore, the combination of FA at 9 gL −1 and Sakha 4 cultivar was the best treatment to increase the TPP of leaves at the three stages of growth.
A foliar application of FA up to 9 gL −1 , four faba bean cultivars "Noubaria 2, Sakha 1, Sakha 3, and Sakha 4" or their interactions significantly increased the CP, CPP, FAA (Arg; Lys, Phe, and Try), N, P, and K content and consequently enhanced seeds quality at the harvest date, possibly due to the bioregulatory effect of FA on enzymatic activity and translocation processes from leaves to seeds, linking, or converting to other plant metabolites. Similarly, FA enhanced pepper fruit quality, including total soluble solids, antioxidant activity, total phenolic, carbohydrates, capsaicin, and carotenoids (Aminifard et al. 2012) . Biostimulants improve the primary metabolism of plants, increasing the levels of carbohydrates, proteins biosynthesis, free amino acids, pigments, and various enzymes (Yakhin et al. 2017) . However, Sakha 4 cultivar was more effective than other cultivars in increasing the level of total carbohydrates, crude protein, total free amino acids, nitrogen, phosphorus, and potassium content in the dry seeds (Table 5) .
Thus, the treatment FA at 9 gL −1 with Sakha 4 cultivar, followed by FA at 9 gL −1 with Sakha 3 cultivar, were very effective for enhancing the level of lysine, phenylalanine, and tryptophan (essential amino acids) and arginine (non-essential amino acids) ( Table 5 ). Enriching crop plants with essential amino acids (particularly Lys., Trp., and Met.) has both economical and humanitarian interest due to inability of humans and many farm animals to synthesize these essential amino acids (Ufaz and Galili 2008) . Humic substances enhanced the expression of the phenylalanine (tyrosine) ammonia-lyase (PAL/TAL) that catalyzes the first main step in the biosynthesis of phenolic and accumulation in leaves by converting phenylalanine to trans-cinnamic acid and tyrosine to p-coumaric acid (Schiavon et al. 2010 ) in tomato leaves (Olivares et al. 2015) . Phenolic compounds serve diverse functions in plants, including protection against biotic and abiotic stresses, cellular signaling, and mechanical support (MacDonald and D'Cunha 2007) . Tryptophan is a precursor of indole-3-acetic acid (IAA) (Radwanski and Last 1995) . IAA plays a critical role in plant growth and development by influencing many plant functions and expression of specific plant genes (Calvo et al. 2014 ). Ornithine and arginine can be used in higher plants for biosynthesis of the polyamine putresine through ornithine decarboxylation and putresine may be critical in regulation of development processes (Walden et al. 1997) . Polyamines may act to store organic nitrogen (Flore and Filner 1985) and play a role in the regulation of DNA replication, cell division, and implicated in the control of senescence and morphogenesis (Galston and Sawhney 1990) . In our study, treatment FA at 9 gL −1 with Sakha 4 cultivar significantly increased N, P, and K content in the dry seeds. Similarly, Fulvic acids enhanced the uptake of N, P, K, Ca, Mg, Cu, Fe, and Zn in cucumber plants (Rauthan and Schnitzer (1981) , phosphate in beech (Fagus sylvatica) (Asp and Berggren 1990) , increased N content in wild olive (Olea europaea) and maize plants (Murillo et al. 2005; Eyheraguibel et al. 2008) and play roles as natural chelators in the mobilization and transport of Fe and other micronutrients (Bocanegra et al. 2006) . Thus, the yield-contributing characters and yield of faba bean could be manipulating by application of of FA and/or cultivars (Table 6) .
Conclusions
In conclusion, FA can be easily applied to sustainable faba bean production in the field. Application of FA significantly increased every morphological attribute of four faba bean cultivars, including seed and straw yield, the main consumer-related traits. FA at 9 gL −1 and Sakha 4 cultivar, improves growth performance, yield and shows the greatest potential for producing legume seeds with an enhanced nutritional quality for uses as food and feed (by increasing the level of carbohydrates, proteins, minerals, Lys, Trp, and Phe). 
